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1. Introduction 


Nitrogen, one of the major plant nutrients, has its principal source in the soil organic 
residues. These substances, through the proce$ses of microbial degradation, supply among 
other elements, the nitrogen which is utilized for protein synthesis(with the exception of a 
few nitrogen fixing mieroorganisms). Nature of the transformations of organie N in the soil, 
the role of the P dps am and influence of local physical and chemical faetors have 
been dealt with in numerous analytical studies under controlled conditions in the labora- 
tory. BREMNER (1965) concluded that incubation methods are the most reliable means of 
predicting nitrogen needs. The amount of NO47-N accumulated over an extended incubation 
period represents net N mineralization (Juma ef al., 1984). This has been found to be the 
most useful method for determining the effect of environmental and soil variables such as 
temperature, moisture, texture, pH, organic matter and its quality (STANFORD & EPSTEIN, 
1974; HERLIHY, 1979; CAMPBELL ef al., 1981; SOLLINS et al., 1984). Ecosystem studies, inten- 
sive harvesting techniques, potential use of wood for energy, and concern about nitrous 
oxides in the atmosphere have focused interest on the transformations of nitrogen in forest 
soils (BORMAN et al., 1977; FRENEY et al., 1978; VITOUSEK et al., 1979; KEENEY, 1980). 

On the other hand, the in situ study of the processes that govern the gains and losses of 
soil N resulting from transformation and reorganisation/immobilization, and the exchange 
with the external medium by water circulation, absorption by roots, emission of nitrogen 
gases and biological fixation of nitrogen during different seasons provide the possibility to 
establish N balance in a given ecosystem (LEMEE, 1967; BILLES et al., 1971a, b). 

The objectives of this paper were to study the influence of seasonal variations on the 
mineralization of soil organic N, and mineral N contents in an acid mull and an anmoor. 
These soils have originated from the same parent material but have different properties owing 
to their position within a topographical sequence. 


2. Materials and methods 


2.0. General note 


The experimental sites, the climate, the vegetation, the total soil microbial count and the seaso- 
nal variation of the rate of organic C and N have been described elsewhere (Rasuip & SCHAEFER, 
1984). In all experiments composite samples were collected from a depth of 0—5 em and passed 
through a 2 mm sieve. Roots and other recognisable debris were removed. 


2.1. Experiment I 
— The seasonal dynamics of mineral N in situ: 
Samples were collected every 10 to 15 d between December 1974 and November 1976 with an 


interruption of two months (August and September, 1975). NH,* and NO,--N contents were deter- 
mined by RicHarpson’s modification of Orsex’s method as described by Preer (1950). 
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2. 2. Experiment II 
— The seasonal dynamics of N mineralization jn situ at a moisture content adjusted to 85°% of field 
capacity: 

Samples were collected at the beginning of each season during 1975 and 1976. In acid mull (tex- 
ture sandy loam; organic matter 195; pH 4.5) humidity was adjusted by adding distilled water 
wherever necessary; in the anmoor (texture loamy sand; organic matter 16% ; pH 7.5), where the 
moisture level varied between 250—400 9۵ round the year (dry-basis, measured twice a week at 
0—5 em depth during 1975 and 1976), this was done by partial air-drying. The initial soil NH,* and 
NO,--N were determined after moisture adjustment. The soils were then put into metallic boxes 
of 250 ml volume (7.5 cm diameter), pressed gently and then covered with perforated lids (hole dia- 
meter 1 mm) to allow the diffusion of gases (LEMEE, 1967; BrrrEs et al., 1971). The boxes were placed 
upside down at 2—3 cm below the soil surface at the same experimental site (acid mull zone). In total 
there were 9 boxes for each soil. Three boxes for each soil were withdrawn every 3 weeks up to 9 weeks 
experimental period. NH,* and NO,~-N were determined by the method mentioned earlier. Loss of 
moisture through evaporation varied between 4—9 % (depending on season) during the experimental 
period. 


2.3. Experiment III 


— Seasonal dynamics of N mineralization in situ at a moisture content adjusted to 85% of field 
capacity: 
(a) The sampling dates and method of moisture adjustment were the same as in Experiment II. In 
this case 50 g portions of each soil were placed into 500 ml Erlenmeyer flasks, plugged loosely with 
cotton to permit gaseous diffusion and incubated at 28 ^C. The loss of moisture was readjusted every 
24 h. Duplicate samples were withdrawn for the determination of NH,- and NO,~-N after 14, 28 and 
42 d of incubation. 
(b) In this experiment the flasks were tightly closed with rubber bungs and incubated at 28 °C for 
3 weeks. Forced ventilation was applied twice or thrice a week to insure aeration (Rasuip, 1977). 
Loss of moisture, if any, was readjusted periodically. Mineral N was determined on duplicate samples 
for each soil. 

The rate of mineralization (Rm) was calculated by dividing the total mineral N (NH* and NO,--N) 
by the total soil N and multiplying by 100. 


3. Results and discussion 


Figure 1 presents the mineralization of soil N content (NH*, and NO,~-N) at 0—5 em 
depth in the acid mull and anmoor, determined at different times as mentioned. In the mull, 
the rate of evolution of mineral N showed a sharp bimodal curve where the maxima fluctuated 
from one vear to another. After an absolute minimum in the winter of 1975 and at the end 
of autumn of 1976, we observed at first a relatively brief phase of accumulation, then a re- 
lative minimum in the spring (May—June, 1975 and March-April 1976). This was followed 
by a second phase in the course of which the soil was again enriched in mineral N. In 1976 
the sequential determination of mineral N went on uninterrupted. Here, however, the se- 
cond phase of accumulation started in May, reaching its peak in September. The maintenance 
of an important mineral N reserve in mull during a long period might be linked with the 
particular meteorological conditions of 1976; the drought might have restricted the leaching 
losses and reduced the rate of absorption by roots (RASHID & SCHAEFER, 1985). 

In the anmoor the mineral N content was much more variable. It was at a minimum in 
winter and at a maximum in spring (May) during 1975 whereas in 1976 the mineral N con- 
tent evolved more or less in the same manner as in mull with two phases of accumulation. 
The first. a brief one, occurred in January and the second. a long one, extended from May to 
November with periodical regressions. 

In both soils NH*, accounted for a larger share of mineral N, this being more pronounced 
in the anmoor than in the mull. This might be due to the hydromorphic nature of the former 
soil initiating leaching out and absorption of NO47 by plants throughout the year. In 
the anmoor NH,* might be formed partly through deamination of organic matter ( BREM- 
NER & Sua w. 1958; Parriek & Wyatt, 1964; Macrae etal.. 1968), whereas in the mull 
leaching losses could take place only periodically. In addition to biotical immobilization, 
absorption by roots and leaching losses, NO,~ is prone to denitrification (BROADBENT 
& CLARK, 1965; ROBERTSON, 1984). 
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Fig. 3. Seasonal variation of in vitro nitrogen mineralization of soil adjusted to 80 % of field capacity 
and incubated at 28 °C. 
NH,* + NO;--N Q——— NH,t-N @------- forced aeration. 
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Fig. 2 shows the mineralization of soil organic nitrogen in situ at constant humidity (sam- 
ples ineubated in metallic boxes). In this ease the microbial activity was subjected only to 
thermal fluctuation. The accumulation of mineral N was about two to three times higher 
in the anmoor than in the mull. In most cases the amount increased with the length ot i in- 
cubation. However, the rate of increase was not uniform. In all cases, excepting one(anmoor; 
spring, 1975), mineral N accumulation was higher during the first 3 weeks than in the follow- 
ing 6 and 9 weeks. In some cases a fall in values was encountered which suggested a possible 
biological immobilization (Bites ef al., 1971; FAILLE, 1975; ROBERTSON & Trepse, 1984) 
and/or denitrification (BROADBENT & CLARK, 1965: ROBERTSON, 1964; ROBERTSON & TIEDJE, 
1984; Rasuip & SCHAEFER, 1986, 1987). In both soils, NO47 accumulation was much higher 
than that of NH,*. This indicates that the nitrifiers were abundant in both soils. 

In the mull the accumulation of mineral N was relatively higher in the spring and summer 
and lower in the autumn and winter during both vears. Similar results were obtained by 
RuvxcE (1974) in an acid soil under coniferous vegetation. However, the very low value ob- 

tained in the 1976 winter might be due to comparatively low temperatures recorded during 

this season (RAsnuip 1977). In the anmoor the mineralization activ ity was relatively higher 
in the spring and summer and lower in the autumn and winter during 1975. But in 1976 com- 
paratively higher values were obtained in the summer followed by gradually lowering of 
values in the autumn, spring and winter. The absolute winter minimum in both soils was un- 
doubtedly linked with low winter temperature which reduced the activities of the mesophilic 
microbes. Slight variation in the highest values obtained in these soils during the two vears 
of study might be due to sharp difference in climate. In 1976 the region suffered an unusual 
drought accompanied by relativelv low winter/spring and high summer/autumn tempera- 
tures (RaAsuip, 1977). Microbial activities during incubation studies were observed to be 
influenced by the past pedoclimate (BrrLEs ef al., 1974a, b; 1975; RASHID & SCHAEFER, 
1985). 

Fig. 3 shows the mineralization of soil organic nitrogen in vitro in different seasons during 
1975 and 1976. The accumulation of mineral N in the anmoor was almost twice as high as 
in the mull in all cases, In the mull the accumulation of mineral N was more or less compar- 
able in all seasons during 1975. However, the value obtained in the spring was somewhat 
higher. In 1976 it was at a maximum in the summer and at a minimum in the autumn, in 
the same soil. In the anmoor the maximum accumulation was observed in the summers 
and the minimum in the spring (1975) or in the winter (1976). 

The circles inscribed on the curves (fig. 3) correspond to the accumulation of mineral N 
determined at the end of 21 d of incubation in vitro. In this case forced ventilation was ap- 
plied to ensure aeration, The position of the circles on, or near to the curves reflects the degree 
of aeration of both soils and the reproducibility of the results. 

In both soils the process of nitrification was so active that there was little ammonium 
left (fig. 3). A similar pattern was observed during the in situ study. This suggests that nitri- 
fication is ammonium-limited (ROBERTSON, 1984). Moreover, the immobilization and/or 
dissimilatory reduction of NO,~ appeared only episodically and briefly (in both cases of in- 
cubation), indicating that the Tiber ation of easily assimilable carbon was feeble but regular. 
In these soils nitrogen mineralization activity was high and followed a seasonal rhythm. In 
tropical soils the optimum temperatures for ammonification and nitrification were found to 
be around 50 °C and 35 °C respectively (Myers, 1975). However, in temperate regions other 
factors such as aeration, pH and availability of substrates essentially govern the nitrification 
processes (DoMMERGUES & MANGENOT, 1970). 

In acid mull (pH 4.5) Rasun & SCHAEFER (1984) could not isolate in vitro the autotrophic 
ammonia and nitrite oxidizing bacteria. In this soil the fungi dominated the microflora. Het- 
erotrophic nitrification, carried out by a number of fungi and bacteria has been reported 
(Scumipt, 1954; Eytar & Scuuipt, 1959; DoxTADER & ALEXANDER, 1966; ISHAQUE & 
CORNFIELD, 1972, 1976; ALEXANDER, 1977; Focur & VERSTRAETE, 1977; CHOUDHURY & 
CORNFIELD, 1978). In the mull, at least partial heterotrophic nitrification might not be ruled 
out. The formation of NO,~ in highly acid soils was also reported by others (WEBER& GAINEY, 
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1962; VAN PRAAG & WEIsSEN, 1972; CHOUDHURY & CORNFIELD, 1978; KLEIN ef al., 1983). 
However, no NO47 formation (SAHRAWAT, 1980; WHEELER & Dowarpsow, 1983) or low 
capacities for nitrification (THEOBALD & Smiru, 1974) in acid soils are a common feature, 
Whereas in the anmoor, autotrophic nitrification is well established (RASHID & SCHAEFER, 
1984). 

The rate of mineralization (Rm) of organic N in situ in the mull was maximum in the 
summer and spring and minimum in the winter in 1975 (fig. 4a). In 1976 the Rm was rela- 
tively higher and comparable to the values in the spring, summer and autumn and feeble 
in the winter (fig. 4a). In the anmoor it was slightly higher in the spring, followed by de- 
creasing values in the autumn, summer and winter in 1975. In 1976 the Rm was maximum 
in the summer followed by decreasing values in the autumn, spring and winter. The lowest 
winter values in all cases might be partially due to low microbial activities and an incrase 
in the total-N content of soil as a result of the incorporation of litters during the preceeding 
fall. 

The Rm in vitro increased with the duration of incubation in most cases with the excep- 
tion of the summer of 1975 and spring of 1976 where a fall in value was recorded in the acid 
mull and anmoor respectively (fig. 4b). This irregularity might be due to microbial immobi- 
lization and/or dissimilatory reduction of NO47. In both soils the Rm highest in the summers 
(fig. 4b) and lowest in the winters or autumn (mull: 1975). The rate of mineralization was 
higher in these soils than that obtained by LEMÉE (1967) and much higher than that sug- 
gested by DUCHAUFOUR (1977) for forest mulls. Even higher values were obtained by BILLES 
et al. (1975) under a Mediterranean ecosystem. 

The apparent anomaly observed between the accumulation of mineral N (much higher 
in anmoor than in mull) and the rate of mineralization (very high in mull as compared to 
anmoor) under both conditions of incubation was due to the fast that the anmoor, a hydro- 
morphic soil, situated at the base of the catena, presented a condition where anaerobic pro- 
cesses of decomposition of organic materials led to the accumulation of intermediate products 
(ALEXANDER, 1977). Whereas in the mull, a well aerated soil, the accumulation of such pro- 
ducts could not be expected. In the anmoor, the processes of humification were preponderant 
over those of mineralization causing an increase in the total-N content. The reverse was true 
in the case of the mull and hence this humus was biologically more active than that in the 
anmoor. RASHID & SCHAEFER (1985) observed that the rate of mineralization of carbon was 
also higher in mull than in anmoor, in the same soil samples. 
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Synopsis: Original scientifie paper 
Rasnip, G. W., & R. SCHAEFER, 1988. Seasonal variation in the nitrogen mineralization and mineral 

nitrogen accumulation in two temperate forest soils. Pedobiologia 31, 381—390. 

The changes in mineral N content in situ and in net nitrogen mineralization during incubation 
studies were investigated along two yearly cycles in the humiferous horizon of two temperate forest 
catena soils. 

The mineral N content varied in a irregular pattern from one year to another in both soils. How- 
ever, an absolute minimum in the winter in all cases indicated low microbial activities and possible 
leaching out of NO,~ during the season. 

The net N-mineralization during incubation jn situ showed a seasonal evolution which was prin- 
cipally temperature-dependent. As a result, the mineralization activities and the rate of minerali- 
zation were lowest in the winter and highest in the spring or in the summer depending on the climate. 

In the mull the net N-mineralization in vitro was more or less uniform in different seasons during 
1975 but during 1976 it was highest in the summer and lowest in the autumn in the same soil. In the 
anmoor, this value was maximum in the summer and minimum either in the spring (1975) or in the 
winter (1976). The rate of mineralization in vitro was highest in the summer in both soils and lowest 
either in the winter or in the autumn. 

The mineral N content and net N-mineralization during incubation studies were higher in the 
anmoor whilst the rate of mineralization was much higher in the mull, indicating thereby higher mi- 
crobial activities in the latter soil. Under natural conditions NH,* accounted for a larger share of 
mineral N whereas during incubation studies NO,~ represented early all of the total mineral N. 

Key words: Anmoor, Mull, Seasonal dynamics, Soil nitrogen mineralization, Temperate forest catena. 
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